Introduction
High-energy particle accelerators and storage rings require a close control of the betatron tune in order to avoid beam blow-up and particle loss by nonlinear resonances. For this reason, one needs a good knowledge of the tune shifts caused by space-charge forces. These are conventionally separated into one contribution due to the "direct" space-charge force, which remains unchanged when the chamber walls are removed, and one due to "image" effects caused by the presence of surrounding walls, and which usually dominate at higher energies.
We further have to distinguish between the "coherent" tune-shift, which expresses the change of the betatron frequency when the beam oscillates as a whole (not included here because of space limitations), and the "incoherent" shift which changes the single particle tune. It has become customary to express the image tune shifts as the product of a factor containing the beam parameters, and a factor that consists essentially of the sum of geometric coefficients divided by the squares of appropriate chamber dimensions.
Ordinary non-magnetic, metallic vacuum .6 .8
Figs. 2a and 2b show 1V for beams of different widths across the whole vacuum chamber, for centred and slightly off-centred beams. Even for centred beams,
El is now unequal zero everywhere, but it remains small even for beams filling half the chamber. For off-centred beams, however, el can become quite large at the beam-edge closest to the wall, and also the tune spread may be increased considerably.
Image Coefficients in Elliptical Chambers
The case of a line charge located at the centre of an elliptical vacuum chamber has been solved by conformal mapping techniques in the classical paper by Laslett l. These techniques can still be used for beams situated on the major axis of the ellipse, but we now have to distinguish between beams inside, resp. outside the focal points. For most elliptical chambers, however, the focal points are so close to the walls that we can ignore the latter case here.
As shown in ref. 2 in agreement with earlier calculations 6 after division by b2, which factor has been introduced to make the coefficients dimensionless.
We can integrate this expression Fig. 5 , which shows the Qshifts in the centre of five 3 A sub-stacks of 6 mm half-width, with centres moving from + 39 mm to -9 mm corresponding to stacking on the 8C working line in the ISR. 
Conclusions
The incoherent image coefficients of thin beams in elliptic chambers have been expressed in closed form, and are summarized in two graphs, including the limiting cases of circular and parallel plate geomitries. Several cases of beams of finite widths are also shown graphically, as well as the contribution due to direct space-charge.
For circular chambers, which are usually proposed for future superconducting machines, it can be seen that the image coefficients can become quite large for excentric beams, and should not be neglected. As an example, the geometric coefficients are used to calculate the tune shifts of substacks on a dynamically compensated working-line in the ISR, and show better agreement with experiment than had been expected for the idealized geometry.
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